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An increased risk for injuries is found in small enterprises, and is especially evident for the construction
industry. Our aim was to study injury risk among apprentices in different sized enterprises within differ-
ent building and construction trades. The study design was a cross-sectional survey among all appren-
tices in a county in Western Norway, designed to assess injury involvement during the apprenticeship
period. Six-hundred seventy-three (n = 673) apprentices completed the questionnaire, giving a response
rate of 81%. Overall the prevalence of injuries was higher among apprentices in training companies with
10–19 employees. However, trade-speciﬁc analysis for apprentices in building and electrical trades
showed different patterns regarding injury risk across different company sizes, with increased risk in com-
panies with 10–19 employees for the electrical trade and in companies with 20–49 employees in the
building trade. In conclusion, when considering injury risk among young workers, nature of work and
associated exposures, as well as other characteristics that may vary by size of the enterprise, should
be assessed.
 2014 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/3.0/).1. Introduction
The construction industry is complex, characterized worldwide
by a multitude of trades and occupational groups also with a high
share of small businesses (<50 employees). Injury rates are high in
the industry (Courtney et al., 2001; Glazner et al., 1998; Kines et al.,
2010; Lipscomb et al., 2010; Schoenﬁsch et al., 2010) despite wide-
spread agreement that underreporting of injuries exists (Dong
et al., 2011; Fan et al., 2006; Moore et al., 2013; Samant et al.,
2008; Shannon and Lowe, 2002; Welch and Hunting, 2003). Issues
of underreporting work injuries may be particularly relevant in
small businesses (Sorensen et al., 2007).
Reports suggest that injury risk is greater among workers in
small businesses (Fabiano et al., 2004; Hasle and Limborg, 2006)
including the construction industry (McVittie et al., 1997). Estab-
lishing empirical evidence regarding differences in risk among
workers in smaller and larger companies can be challenging (Dong
et al., 2011; Sorensen et al., 2007) and establishing clear reasons for
excess risk can be even more difﬁcult, as small companies are dif-ﬁcult to reach (Hasle et al., 2010). A number of possible explana-
tions have been suggested for these observations. Small
enterprises may lack knowledge regarding risk and safety regula-
tions, and they may be more likely to lack formal systems for
OHS management (Hasle and Limborg, 2006; MacEachen et al.,
2010). Further, workers in small enterprises have been reported
to accept health risks and perceive health as an individual respon-
sibility due to informal social relations in the enterprise, with little
or no distance between workers and employers (MacEachen et al.,
2010).
Risk differences in construction are also reported relative to
characteristics of workers themselves including age, job tenure,
and even nationality (Lipscomb et al., 2014 (falls); Schwatka
et al., 2013; Spangenberg et al., 2003, 2002). While there may be
tendencies to attribute age-related injury risk among young work-
ers to their inexperience, relative lack of training, or even youth
itself, there is evidence to suggest that such assumptions should
not be made without careful consideration of their actual job expo-
sures (Lykke Nilsen et al., 2013). For example, Lipscomb et al.
(2003a) suggested initial attribution of marked increased risk for
nail gun injuries among apprentice carpenters to lack of training.
Later evidence revealed marked exposure differences based on
job tenure with inexperienced carpenters often being assigned
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2003a, 2008b). In addition to direct work exposures related to the
nature of work, young workers may be particularly vulnerable in
small companies, due to needs for being accepted and included so-
cially, or trying to behave in accordance with the accepted norms
within the company (Lykke Nilsen, 2012).
Training in the construction industry is highly variable but typ-
ically involves less experienced workers working alongside more
experienced ones in formal or informal apprenticeship type rela-
tionships. In the case of Norway 92% of youth between 16 and
18 years of age participated in upper secondary education and
training in 2012 (Statistics Norway, 2013a). Of the 240,000 stu-
dents in 2012, 39,000 (16%) were apprentices (Statistics Norway,
2013a). Within the group of apprentices 21% were in building
and construction, while 20% were in the electrical trade (Statistics
Norway, 2013b). Yet another 21% of the apprentices were within
‘‘Technical and industrial production’’ (ibid.), but only a minority
of these work in construction (KARRI, 2011).
The norm for vocational studies is attending school for two
years, followed by two years of apprenticeship. The years of
apprenticeship give the students practical training within compa-
nies according to their discipline. They work full-time in the com-
pany, during which time they are subject to the responsibility of
the Employer Organizations’ Ofﬁces for Training. There are several
discipline-speciﬁc training ofﬁces belonging to different Employer
Organizations. Each ofﬁce is responsible for all apprentices in train-
ing companies that are members of the Employer Organizations. It
is the Training Ofﬁce’s responsibility to ensure fulﬁllment of the
apprentices’ curriculum. Not all training companies are members
in the Employers Organizations. A minority of the apprentices
are therefore under the responsibility of the county authority.
The apprenticeship is typically the young students’ ﬁrst experience
with real life work. It is also an opportunity for a permanent posi-
tion, potentially adding strain to the apprentice to adapt to the
working culture. Although apprentices have a speciﬁc training pro-
gram to be followed during their 2 years of apprenticeship, differ-
ences in the reception and OHS training given to apprentices
among companies of different sizes have been observed (Holte
and Kjestveit, 2012).
The aim of this analysis was to explore injuries among
apprentices in small enterprises within different building and
construction trades, compared to medium-sized and large
enterprises. It speciﬁcally examined whether injury risk differed
among apprentices in micro (1–9) and small enterprises (10–19,
20–49) versus medium (50–99) and larger-sized enterprises
(100+).2. Materials and methods
2.1. Sample
The study is based on a cross-sectional survey conducted
among all apprentices in Rogaland County (Western part of Nor-
way) within the disciplines of building (the raising of buildings),
electrical trades, building techniques (indoor, surface and plumb-
ing), and construction (ground work, infrastructure) within the
time period from October 2007 until March 2008. Totally, 831
apprentices received the questionnaire. The survey was completed
by 673 apprentices (response rate of 81%). It was part of a larger
study of young workers (<25 years old) within the building and
construction industry (Holte and Kjestveit, 2012; Kjestveit et al.,
2011). As there are about 39,000 apprentices in Norway each year
of which 16,000 belong to our disciplines (Statistics Norway,
2013b), our study group constituted between 4% and 5% of the Nor-
wegian population of apprentices.2.2. Questionnaire
The questionnaire included background questions on age, gen-
der, apprenticeship tenure assessed by number of months in the
company in apprenticeship training, weekly working hours, and
size of training company by number of employees (categories 1–
4, 4–9, 10–19, 20–49, 50–99 and above 100). The main part of the
questionnaire assessed topics addressed in occupational health
and safety training at school and the relevance of this training
for the practical work in the company (14 items), and items assess-
ing company-speciﬁc issues like safety training and safety focus
(13 items). The substantive items assessed injuries as well as being
involved in incidents, type of injury, consequences and causes for
injuries/incidents during the apprenticeship period. The items in
the questionnaire were developed for this purpose speciﬁcally as
part of pilot work for the larger study.
Speciﬁc questions assessing injuries were as follows; ‘‘During
your time of apprenticeship, have you been involved in an accident
in which you got injured (yes, no)?’’, ‘‘What was the background for
the accident (insufﬁcient protection, wrong use of machinery and
tools, wrong placement, wrong lifting, wrong performance, lack of
training)?’’, ‘‘In what type of accident did you get injured (hit by
an object, fall, cut or puncture, crushed, electrical shock, others)?’’,
‘‘What kind of injury did you get (bruise/contusion, wound, joint dis-
tortion, fracture, others)?’’, ‘‘Did the injury cause (yes, no): ﬁrst aid?,
medical examination?, self-reported sick leave?, medically certi-
ﬁed sick leave?, alternative work?’’ with several causes allowed,
and ‘‘Was the accident reported to (yes, no, do not know): supervi-
sor?, HSE-manager?, safety deputy?, The Labor Inspection?,
National authority for work and welfare?, others?’’ with several
causes allowed. Incidents were assessed by similar phrasing, how-
ever the questions considering type of injury and consequences
were omitted. The 14 questions assessing occupational health
and safety training at school and the relevance of this training
for the practical work in the company were as follows; ‘‘Have
you received education within this topic at school (no, yes, do not
know)’’: ‘‘General introduction to occupational health and safety?’’,
‘‘Introduction to safe use of machinery tools and equipment?’’,
‘‘Introduction to use of protective equipment?’’, ‘‘Introduction to
working techniques and working positions (ergonomics)?’’, ‘‘Intro-
duction to dangers by use of different work methods?’’, ‘‘Introduc-
tion to dangers of material handling?’’, ‘‘General introduction to
theWork Environment Act?’’, ‘‘Introduction to internal control reg-
ulations?’’, and ‘‘Introduction to use of equipment (the 555 regula-
tion)?’’. Further questions on this issue were; ‘‘Was theoretical
teaching followed by practical work or exercises (1 = to a very little
degree, 5 = to a very high degree)?’’, ‘‘Did teachers emphasize occu-
pational health and safety education as important (1 = to a very lit-
tle degree, 5 = to a very high degree)?’’, ‘‘By taking your prevailing
experience into consideration (1 = to a very little degree, 5 = to a
very high degree)’’: ‘‘Do you ﬁnd the occupational health and safety
education at school relevant for your work in the company?’’, ‘‘Did
school provide enough occupational health and safety education
for your recent job?’’, and ‘‘Was the school education in accordance
with the way work is performed in the company?’’. The 13 ques-
tions assessing company-speciﬁc issues like safety training and
safety focus were as follows; ‘‘In the company of your apprentice-
ship, have you received occupational health and safety training
within these topics (no, yes, do not know)’’: ‘‘General introduction
in the company’s system and routines for occupational health
and safety?’’, ‘‘Introduction to safe use of the company’s machinery
and tools?’’, ‘‘Introduction to use of protective equipment?’’,
‘‘Introduction to proper working techniques and working positions
(ergonomics)?’’, ‘‘Have you participated in the following activities
during your period of apprenticeship (yes, no, not relevant)’’:
‘‘Meetings having occupational health and safety as a topic?’’,
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speciﬁc project?’’, and ’’Performing risk evaluation or safe job
assessment?’’. Further questions on this issue were; ’’Please make
your opinion regarding these statements (1 = totally disagree,
5 = totally agree)’’: ‘‘My company takes safety seriously’’, ‘‘My col-
leagues adjust me if I work in an unsafe manner’’, ’’I sometimes
break safety rules in order to ﬁnish a job in time’’, ’’I have received
sufﬁcient safety training in the company’’, and ‘‘I can decide on my
own work pace’’, and ﬁnally ‘‘If you get hurt, do you know to whom
you should report (yes, no)?’’.
The questionnaire was distributed by ﬁve Employer Organiza-
tions’ Ofﬁces for Training within four disciplines in Rogaland:
building, (two ofﬁces), electrical trade (one ofﬁce), building tech-
niques (one ofﬁce), and construction (one ofﬁce). The ofﬁces’ con-
sultants have a semi-annual obligatory interview with all the
apprentices. When the consultants called the apprentices to this
interview, they attached an envelope containing the questionnaire
to the invitation. Information on the optional nature of participat-
ing and that the answers would be anonymous was included. The
completed questionnaire was to be returned by the apprentice at
the interview. A sealed envelope ensured the anonymity of the
study participant, as well as providing the opportunity for appren-
tices to return an empty questionnaire without the Ofﬁces for
Training’s consultant knowing. The ofﬁces’ consultants collected
the envelopes and returned them to the researchers group. Six-
hundred eighty-one (n = 681) questionnaires were returned from
the Ofﬁces for Training, including 21 blank questionnaires. To en-
sure that we reached all the apprentices within the relevant trades,
apprentices in training companies outside the Employer Organiza-
tions were reached through the county authority (i.e. Rogaland
County). A total of 150 questionnaires were mailed by the county
authority to their training companies of relevance, which then
were responsible for distributing the questionnaire to the appren-
tices. Added to each questionnaire was a pre-postpaid envelope,
which should be mailed directly to the researchers group. Only
13 apprentices in this group (9%) answered the questionnaire.
2.3. Outcome measures
The outcome of interest in this analysis was injuries sustained
while working. The apprentices were asked if they had been in-
jured at the workplace during their period of apprenticeship (op-
tions: yes, no). We explored the relationship between injury
prevalence and the variables company size, trade, level of appren-
ticeship training and regular hours worked. Company size was cat-
egorized as: 1–9 employees, 10–19 employees, 20–49 employees,
50–99 employees, and 100 andmore employees. Trade was catego-
rized as: building (carpentry, concrete work and shuttering), con-
struction (machine operating, asphalt work, landscape gardening,
tunneling and road work), electrical trade (electricity), and techni-
cal building (plumbing, ventilation, painting, scaffolding, insula-
tion and ﬂooring). Table 1 gives details on the selected variables.
2.4. Analysis
Differences in injury frequencies and background variables
were tested by chi-square statistics for categorical variables and
by ANOVA for continuous variables. Additionally, a Bonferroni Post
Hoc test with signiﬁcance level p < 0.05 was used to identify which
categories that signiﬁcantly differed. Prevalence ratios were calcu-
lated as the measure of relative risk using the generalized linear
model function (binomial-log). This analysis avoids overestimation
of prevalence ratios, particularly when the outcome is common
(Skov et al., 1998). Gender and age were not included as covariates
because the sample had a very small number of female workers
and age was highly correlated with apprenticeship tenure (Spear-man’s rho = 0.55). Due to lower numbers in the 100 and more
employees group, the categories 50–99 employees and 100 and
more employees were collapsed, giving 50 and more employees
as the reference group in the analysis for company size. For the
analysis of trade, building was used as the reference group.
Analyses were performed using SPSS 21.0. All study procedures
were approved by Norwegian Social Science Data Services.3. Results
3.1. Characteristics of the apprentices
Mean age of survey respondents was 19.7 years (SD 2.6) and
mean tenure as an apprentice was 15.3 months (SD 8.8). The char-
acteristics of the respondents by company size are presented in
Table 1.
There were no differences in mean age among apprentices in
different company sizes (p = 0.33), but mean length of apprentice-
ship tenure was higher among apprentices in companies with
more than 100 employees, almost reaching signiﬁcance
(p = 0.06). For working hours, 10 apprentices answered having
working hours below 30 h per week, among them 7 worked in
companies between 1 and 9 employees. Considering trade, there
were differences between trades in the distribution between size
groups (p = 0.001). Forty percent (40%) of the apprentices in con-
struction were in companies with 1–9 employees. Also for build-
ing, the highest proportion of apprentices (29%) was in
companies with 1–9 employees. For apprentices in electrical trade
and building technique, the highest proportion of apprentices was
found in companies with 20–49 employees. Post Hoc tests
(p < 0.05) showed that there in electrical trade were a lower pro-
portion of apprentices in the companies with 1–9 employees com-
pared to the other trades, and within construction and building
there were lower proportions of apprentices in the largest
companies.
The prevalence (%) of injured workers by demographic and
workplace characteristics is shown in Table 2. The prevalence of
self-reported injuries increased by apprenticeship tenure
(p = 0.001); 7.5% reported to be injured among those who had been
apprentices less than 3 months, and 44.1% reported to be injured
among those being apprentices for 19–24 months. However, the
Post Hoc tests (p < 0.05) showed that the main differences were be-
tween apprentices with tenures less than 6 months and appren-
tices with tenure more than 6 months.
Injury prevalence was highest among apprentices in companies
with 10–19 employees (33.3%), while lower proportions were
found in companies with 50–99 employees (22.4%) and above
100 employees (22.8%). However, these differences were not statis-
tically signiﬁcant (p = 0.22). In contrast, signiﬁcant differences
(p = 0.002) were seen based on the type of work conducted. The
highest injury prevalence was found within electrical trade
(35.1%) and lowest within building technique (16.2%). A Post Hoc
test (p < 0.05) showed that these also were the trades that signiﬁ-
cantly differed from each other.
Prevalence of being injured while being an apprentice was cal-
culated by size for each of the trades, except for construction due
to small numbers (Fig. 1). The different trades varied in which
company size group having the highest proportion of injured
apprentices. Building technique had the highest prevalence of in-
jured among apprentices in the smallest size group (1–9 employ-
ees), with 26% of the apprentices reporting to be injured.
Electrical trade had the highest prevalence of injured apprentices
within companies having 10–19 employees (44% injured), while
in building the highest proportion of injured apprentices was
found for companies with 20–49 employees (35%).
Table 1
The distribution of age, gender, apprenticeship tenure, working hours and trade by company size for the apprentices.
N
(total)
Missing
(n)
Company size (#employees) p-Value
1–9 10–19 20–49 50–99 >100
n Mean Median SD n Mean Median SD n Mean Median SD n Mean Median SD n Mean Median SD
Continuous variables
Age (years) 661 12 140 19.4 19.0 2.2 155 19.8 19.0 2.6 161 19.6 19.0 2.4 113 20.0 19.0 3.8 92 19.5 19.0 1.2 0.33
Apprenticeship tenure (months) 651 22 140 13.8 17.0 8.3 150 15.5 18.0 8.6 158 15.7 18.0 8.7 113 14.7 17.0 9.5 90 17.1 18.0 8.7 0.06
Categorical variables n % n % n % n % n % p-Value
Gender 666 7 0.18
Male 641 134 20.9 151 23.6 157 24.5 112 17.5 87 13.6
Females 25 10 5 3 3 4
Apprenticeship tenure (cat) 651 22 0.40
0–3 months 65 15 23.1 16 24.6 12 18.5 13 20.0 9 13.8
4–7 months 119 32 26.9 26 21.S 30 25.2 21 17.6 10 8.4
7–12 months 41 12 29.3 6 14.6 10 24.4 9 22.0 4 9.8
13–18 months 239 49 20.5 59 24.7 56 23.4 40 16.7 35 14.6
19–24 months 93 IS 19.4 20 21.5 29 31.2 16 17.2 10 10.8
>24 months 94 14 14.9 23 24.5 21 22.3 14 14.9 22 23.4
Working hours 667 6
<30 h 10 7 70 2 20.0 1 10.0 0.05
30–40 h 574 118 20.6 132 23.0 134 23.3 106 18.5 84 14.6
>40 h S3 19 22.9 20 24.1 27 32.5 9 10.8 9 9.6
Trade 664 9 0.001
Construction work 32 13 40.6 3 9.4 9 28.1 3 9.4 4 12.5
Building 304 89 29.3 75 24.7 65 21.7 53 17.4 21 6.9
Electrical 231 26 11.3 57 24.7 57 24.7 45 19.5 46 19.9
Building technique 97 15 15.5 20 20.6 29 29.9 12 12.4 21 21.6
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Table 2
Prevalence (%) of self-reported injuries among apprentices by gender, age, appren-
ticeship tenure, working hours, company size and trade.
Categorical variables Injury involvement
N (total)a n Prevalence (%) p-Value
Gender 670 0.4
Males 645 178 27.6
Females 25 5 20.0
Age 0.03
16–19 421 101 24.0
20–24 213 72 34.0
>25 31 8 26.0
Apprenticeship tenure 655 0.001
0–3 months 67 5 7.5
4–7 months 120 15 12.5
7–12 months 41 12 29.3
13–18 months 240 71 29.6
19–24 months 93 41 44.1
>24 months 94 35 37.2
Working hours 670 0.9
<30 h 10 2 20.0
30–40 h 576 157 27.3
More than 40 h 84 23 27.4
Company size (#employees) 669 0.22
1–9 144 37 25.7
10–19 156 52 33.3
20–49 161 47 29.2
50–99 116 26 22.4
>100 92 21 22.8
Trade 668 0.002
Construction work 32 6 18.8
Building 306 79 25.8
Electrical 231 81 35.1
Building technique 99 16 16.2
a Differences in N between the different variables, reﬂects differences in missing.
Fig. 1. Prevalence (%) of self-reported injuries among apprentices within each size
group for building, electrical trade and building technique separately.
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apprentices
Relative risk estimates expressed as prevalence ratios for injury
among apprentices are presented in Table 3. Apprentices in compa-
nies with less than 50 employees were consistently at higher risk
of having reported an injury. Compared to building, electrical work
was associated with higher prevalence of injury among apprentices
(RR = 1.60 (1.10–2.33), p = 0.01). Building technique (RR = 0.59
(0.32–1.07), p = 0.09) and construction (RR = 0.76 (0.30–1.93),
p = 0.56) had fewer injuries. As one would expect, ever having been
injured was more likely as workers extended their apprenticeship
period. When adjusting for apprenticeship tenure and hours ofwork, individuals working in smaller companies had greater injury
prevalence as did those in companies above 50 employees. Consid-
ering trade, the electrical trade still had greater injury prevalence
after adjustment, although the magnitude of difference was
diminished.
Since building and electrical trade constitute the largest groups,
stratiﬁed analyses for these two groups were conducted (Table 4).
For the building trade, apprentices in training companies employ-
ing 20–49 workers had the highest prevalence of injury (RR = 2.03
(0.95–4.35), p = 0.07) compared to the companies with 50 and
more employees. After adjustment, the injury risk was slightly re-
duced (RR = 1.94 (0.89–4.39), p = 0.10). For the electrical trade,
apprentices in companies with 10–19 employees had a two-fold
prevalence ratio (RR = 1.92 (0.96–3.85), p = 0.07) for becoming in-
jured during apprenticeship compared to apprentices in companies
with 50 and more employees. Table 4 shows that this association
remained stable, reaching signiﬁcance in the adjusted model
(RR = 2.12 (1.04–4.30), p = 0.04).4. Discussion
We analyzed self-reported injury among apprentices in the
building and construction industry. Survey data from a larger study
was used to explore injury risk during apprenticeship associated
with company size and trade. Apprentices in training companies
with 10–19 employees had the highest relative risk estimate.
Trade-speciﬁc analyses of two of the four groups; building and
electrical trades, showed different patterns regarding injury risk
across different company sizes. Of note, none of these trades had
the micro businesses (1–9 employees) as the group with highest
prevalence of injury. Hence, the groups 10–19 employees and
20–49 employees were where the increased injury risk was found
in electrical trades and building respectively.
Our ﬁndings regarding relative risk for apprentices in compa-
nies with fewer than 50 employees are not surprising, and they
add to the recent research about small enterprises (Hasle and Lim-
borg, 2006; Sorensen et al., 2007). More interesting are the differ-
ences in observed injury risk across trades. Speciﬁcally building
and electrical trades differed regarding which company size group
below 50 employees had the highest risk for injuries. Hence, this
discussion will focus on the trade-speciﬁc nature of work and orga-
nization within the company, as well as on legislation, which may
help explain the observed effects.
The reasons behind the observed differences in prevalence ra-
tios across size groups across the trades (for building, highest risk
for apprentices in companies with 20–49 employees, and for elec-
trical trade, highest risk for apprentices in companies with 10–19
employees), are not readily apparent. However, there are numer-
ous studies pointing to variation in injury risk by the speciﬁc char-
acteristics of the work being done and the type of injury involved
(Center for construction Research and Training, 2013; Glazner
et al., 1998; Larsson and Field, 2002; Lipscomb et al., 2013, 2014;
López Arquillos et al., 2012; Lowery et al., 2000). Breslin et al.
(2007) found that injury risk among young workers varied across
type of jobs, where speciﬁc hazards and perceived work load were
risk factors (ibid). It is therefore reasonable to assume that also
apprentices may have different job content and exposures that
vary between companies in different size groups and trades, and
which directly inﬂuence their injury risk. Unpublished data from
a case-study show that smaller building companies (<20 employ-
ees) may be more often involved in residential building. In larger
building companies (e.g. 20–49 employees), the workers may be
involved in larger and more complex projects. However, the larger
company, the more specialized work tasks seem to become. Such
project-type differences may be found also in the electrical trade.
Table 3
Relative risk for injuries among apprentices, with predictors size, trade, apprenticeship tenure and working hours.
Predictors n Crude values Adjusted valuesa
b-Value p-Value RR 95% Cl b-Value p-Value RR 95% Cl
Apprenticeship tenure
4–7 months 118 0.54 0.32 1.72 0.60–4.97 0.51 0.36 1.67 0.56–4.94
7–12 months 39 1.66 0.004 5.24 1.68–16.37 1.61 0.006 5.00 1.59–15.75
13–18 months 238 1.61 0.001 5.02 1.93–13.03 1.57 0.002 4.80 1.81–12.70
19–24 months 93 2.23 0.000 9.30 3.42–25.30 2.07 0.000 7.95 2.82–22.41
>24 months 93 1.92 0.000 6.80 2.49–18.59 1.73 0.001 5.67 1.97–16.32
1–3 months 64 1 1
Working hours
30–40 h 556 0.42 0.60 1.52 0.32–7.23 0.16 0.85 1.18 0.23–6.05
More than 40 h 79 0.5 0.55 1.64 0.32–8.33 0.02 0.98 1.02 0.18–5.67
<30 h 10 1
Size (#employees)
1–9 139 0.13 0.61 1.14 0.70–1.88 0.33 0.22 1.4 0.82–2.38
10–19 148 0.45 0.07 1.56 0.97–2.51 0.51 0.04 1.67 1.02–2.73
20–49 158 0.32 0.18 1.38 0.86–2.21 0.40 0.11 1.49 0.91–2.43
50+ 200 1 1
Trade
Construction 29 –0.28 0.56 0.76 0.30–1.93 0.02 0.97 1.02 0.38–2.70
Electrical 228 0.47 0.01 1.60 1.10–2.33 0.29 0.17 1.34 0.89–2.01
Building technique 95 0.53 0.09 0.59 0.32–1.07 0.42 0.18 0.66 0.36–1.21
Building 293 1 1
a Adjusted for all other variables.
Table 4
Relative risk for injuries among apprentices by size. Stratiﬁed analysis for apprentices within building and electrical trade.
Predictors n Crude values Adjusted valuesa
b-Value p-Value RR 95% Cl b-Value p-Value RR 95% Cl
Building (#employees)
1–9 86 0.08 0.85 1.08 0.50–2.31 0.10 0.81 1.10 0.49–2.49
10–19 69 0.3 0.46 1.34 0.61–2.93 0.28 0.5 1.33 0.58–3.02
20–49 66 0.71 0.07 2.03 0.95–4.35 0.68 0.1 1.94 0.89–4.39
50+ 72 1 1
Electrical trade (# employees)
1–9 26 0.43 0.36 1.54 0.62–3.83 0.48 0.32 1.61 0.64–4.07
10–19 57 0.65 0.07 1.92 0.96–3.85 0.75 0.04 2.12 1.04–4.30
20–49 55 0.34 0.35 1.41 0.69–2.87 0.36 0.33 1.43 0.70–2.94
50+ 90 1 1
a Adjusted for all other variables.
210 K.A. Holte et al. / Safety Science 71 (2015) 205–212In this study, building and electrical trade had the highest prev-
alence of injuries. These two disciplines are also the ones with
most use of handheld tools and knives. Especially for building
many tools are electrically driven. For electricians there is an addi-
tional risk of electrical voltage exposure. Tools and their degree of
use have impact on injury prevalence (Lipscomb et al., 2010), and
for inexperienced carpenters marked exposure differences were
found based on job tenure for use of nail guns (Lipscomb et al.,
2003a, 2008b). Additional to trade-speciﬁc differences in exposure,
there may also be differences between size groups in exposure for
different tools, due to variations in nature of work. The training gi-
ven may also contribute. In Norway, use of certain types of tools
will require tool certiﬁcates based on training courses. The large
companies give such courses in own training departments (Holte
and Kjestveit, 2012). Small companies may ﬁnd other ways to en-
sure that certiﬁed training is given (e.g. small companies cooperat-
ing). However, companies with time constraints and low health
and safety focus, typically small enterprises, are assumedly less
loyal to the requirements for tool certiﬁcates among their appren-
tices. We might also want to add that contracting companies re-
quire and control that subcontracting employees fulﬁll required
certiﬁcation. Therefore we anticipate subcontracting companiesto be more compliant to the training and certiﬁcation require-
ments. A study of accident causes and learning ability in the petro-
leum sector highlighted the importance of perceived power
between subcontractors and contractors, where the contractor’s
requirements regarding safety had strong impact on the subcon-
tractors’ way of working (Austnes-Underhaug et al., 2011). We be-
lieve that the effect of being a subcontractor is differently
distributed across sizes within each trade, due to the companies’
incline to be part of a supply chain.
Differences in regulations exists between company-size groups
and trades. High degree of exposure gives stronger regulations.
Numerous studies have found that regulations and standards have
impact on injury risk (Lipscomb et al., 2003b, 2008b, 2010; Nelson
et al., 1997). In Norway, the electrical trade has more regulations to
act upon compared to building, due to the daily interference with
electric voltage. The electrical trades may therefore be more spe-
ciﬁc and occupied in regulations, irrespective of company size.
The Norwegian Working Environment Act (Ministry of Labour,
2005) opens for certain (and common) exemptions: (A) Working
environment committees are mandatory for companies with more
than 50 employees and for companies with 20–49 employees if
either employees or employer call for such a committee. (B) All
K.A. Holte et al. / Safety Science 71 (2015) 205–212 211enterprises are in principle required to choose an internal safety
deputy, but enterprises with less than 10 employees can – with
certain in-house agreements – choose not to have their own safety
deputy (ibid.). The consequence of these regulatory differences is
that the smallest companies (<20 employees) often lack dedicated
employees with speciﬁc responsibility and knowledge in occupa-
tional safety and health. Instead this responsibility formally lies
with the manager, which in small businesses is known to have lim-
ited resources for this area (Hasle and Limborg, 2006; Hasle et al.,
2012; MacEachen et al., 2010). With this in mind, ﬁnding that
apprentices in the micro-sized companies (<10 employees) had
lower injury risk than apprentices in companies with 10–19 and
20–49 employees for both the electrical and building trade is
therefore a surprise. This may reﬂect an in-house transparency that
is easier to maintain with a low number of employees, even with
less formal focus on health and safety issues (Hasle and Limborg,
2006; MacEachen et al., 2010). This characteristic may diminish
when smaller companies start to expand. Companies with growth
may place efforts on income-producing activities and less on inter-
nal development (Lien and Knudsen, 2012). We anticipate that em-
ployee and economic growth may not be followed by an equally
increased health and safety focus and/or better management
systems.
However, we might consider selection effects of the micro-sized
companies housing apprentices. The apprentices are required to
follow a trade-speciﬁc training program, also when in the compa-
nies, according to a national curriculum and administered by the
Ofﬁces for Training. Companies housing apprentices have to com-
ply with and give necessary resources to fulﬁll this program. The
micro-sized companies that are willing to do this job may be more
aware of health and safety issues than micro-sized companies that
choose not to be training companies. Also, apprentices have re-
ported resenting training that is done ‘for show’ just to meet train-
ing requirements (Lipscomb et al., 2008a), potentially can this be
less common in the smallest companies. This may explain the low-
er risk of injuries among apprentices in this size group.
This study is unique in its inclusion of apprentices representing
a variety of characteristics across size and trade. The study raises
important questions which should be explored through further
studies within each speciﬁc trade. The complexity of this industry
is among others represented by variation in exposures at the work
place level and project organization, as well as differences in legis-
lation between trades and size-groups. These factors should be
considered in further studies, not only for apprentices, but for all
employees as such.
Small enterprises are difﬁcult to reach (Champoux and Brun,
2003; Hasle et al., 2010), making preventive measures especially
difﬁcult to perform among vulnerable workers (in this case young
workers in building and construction). This study calls attention to
the Employer Organizations’ Ofﬁces for Training as possible inter-
mediaries in the Norwegian context. Intermediaries can play a pre-
ventive role in the sense of being an agent in a certain relation with
the company, and being able to inﬂuence, either directly or indi-
rectly, taking their speciﬁc characteristics into account (Hasle
et al., 2010). The Ofﬁces for Training are in contact not only with
the apprentices, but also with the training companies. Although
the apprentices’ training situation is the most important issue for
the Training Ofﬁces’ representative, there is a potential for using this
interaction for increasing the training companies’ focus on occupa-
tional health and safety issues. For small enterprises, the Training
Ofﬁces may therefore serve as important ‘‘health and safety agents’’.
This interaction could, besides the assumption of selection effects
among training companies, further explain why the micro compa-
nies in our study did not have the highest injury prevalence.
A signiﬁcant strength of our study is the high response rate for
apprentices recruited through the Ofﬁces of Training in connectionwith the obligatory half-annual interview. The personal contact be-
tween the apprentice and the consultant may have made the
apprentice feeling more obliged to answer the questionnaire. Addi-
tionally, the survey was anonymous, the distribution and collec-
tion was performed irrespective of the training company, and the
apprentices had no reason to fear company punishment. In con-
trast, we had a low response rate for the apprentices within com-
panies outside of the Ofﬁces for Training, where questionnaire
distribution was handled by the county administration. The ques-
tionnaires were sent to the training companies, who were to dis-
tribute them to the apprentices. The low response rate could
therefore be caused both by lack of interest by the company, as
well as the apprentice not responding on the questionnaire.
The study population is apprentices in Rogaland county only
(Norway consists of 19 counties). The national average of students
in vocational studies completing their education within ﬁve years
is 55%, and slightly higher in our study area (Rogaland county:
63%) (Bjørkeng, 2013). This discrepancy may be explained by this
area having the highest rate for workforce in employment (Statis-
tics Norway, 2013c), which generally makes it easier to ﬁnd
apprenticeship. In a national survey among apprentices within all
vocational disciplines in 2012 assessing learning and well-being,
apprentices in Rogaland had the second highest score on items
assessing knowledge on the companies safety procedures and rou-
tines (Wendelborg et al., 2013). These ﬁgures indicate that ﬁndings
in our study may not be representative for the country as a whole.
The questionnaire was part of pilot study, aiming to study in-
jury involvement and occupational health and safety training at
school and in training company, as part of a larger project. The
apprentices were asked to report if they had been injured in an
accident during apprenticeship, with no further speciﬁcation of
time period. Considering different lengths of apprenticeship, this
formulation opened for more reported injuries among those who
had the longest tenure, due to longer time of exposure. This was
however controlled for in the analysis. Recall, particularly of less
signiﬁcant injuries, may be diminished among respondents later
in their apprenticeship. Considering injury severity and accident
reporting, this was asked for in the questionnaire. However, these
questions had high missing values and are not reported here. As
the questionnaire was intended to address occupational health
and safety education at school and in the training company, ques-
tions addressing work exposure were omitted to decrease the
length of the questionnaire.5. Conclusion
In conclusion, Norwegian construction apprentices have an in-
creased risk for injuries in small companies. For apprentices in
companies with less than 50 employees there are trade-speciﬁc
differences regarding in which company size apprentices are more
at risk. Speciﬁcally, apprentices in the electrical trade were at
greatest risk in companies with 10–19 employees while appren-
tices in building were at greater risk in companies with 20-49
employees. Apprentices in micro businesses seem not to be at par-
ticularly high risk of injury, irrespectively of trade. These results
points to trade-speciﬁc characteristics affecting various degrees
of exposure for our group of study.Acknowledgements
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